. Two superimposed solid-state spectra of α-spectrin SH3 domain. Recorded by means of HSQC-style pulse sequences employing INEPT transfer elements (red contour lines) or, alternatively, CP transfer elements (black contour lines). Special effort has been made to acquire the data under identical conditions: 1 93 ms max t = (400 increments, scalar coupling refocused using 1 H 180º composite pulse), 2 80 ms max t = (WALTZ-16 15 N decoupling, 2.5 kHz rf field strength), measurement time 2.5 h per spectrum. The spectra were recorded back-to-back using the protein sample with 25% content of back-exchanged protons, doped with 75 mM Cu-EDTA 1 at static magnetic field strength 600 MHz, MAS speed 24 kHz, temperature 22 ºC. Processing and plotting parameters for the two spectra are identical.
S values produce small DC constants that cannot be properly sampled using the current experimental scheme 2 ) , and (iii) the curve corresponding to -1 2 100 s R = (it is assumed that higher relaxation rates cause excessive line broadening). The above choice of boundaries is somewhat arbitrary and serves the purpose of illustration. In calculating 2 R , we made use of the previous observations suggesting that Lipari-Szabo formalism is suitable for analysis of spin relaxation in solids: S uncertainties. The error bars reflect the precision of the data, i.e. report on random errors; for discussion of small systematic errors see Chevelkov et al. 2 The secondary structure as determined by DSSP analysis 6 Table S1 . Experimentally measured relaxation-based and DC-based order parameters. The absent data are due to: (a) weak or missing peaks, (b) spectral overlaps, and (c) proline residues. The solution data from residues 2-7 have been analyzed using the extended, four-parameter version of Lipari-Szabo model. 7 All of these residues show substantial amount of motion on 1-2 ns time scale; reported in this Order parameters and local dynamics.
Isotropic local dynamics
As a starting point in the discussion, let us assume that the local motion of an NH vector is characterized by a three-fold or higher symmetry. For instance, "diffusion in a cone" model that has axial symmetry ( C ∞ ) fits this description. 8 It is straightforward to calculate the order parameters arising from this model. Considering relaxation experiments in solution, it is appropriate to use Eq. (1):
Here it is assumed that the tumbling of the molecule is isotropic, so that the directional angles of the NH vector ( , ) θ ϕ can be defined relative to an arbitrary molecular frame. Choosing a molecular frame such that its z axis lies along the axis of the cone, we obtain is the element of the second-rank Wigner matrix defined according to Haeberlen 9 that relates the principal axis frame P (z axis along the NH vector) to the laboratory frame L (z axis along the static magnetic field). To investigate the effect of the internal motion, dip H needs to be rewritten as:
Here we refer to the molecular frame M , which has its z axis along the axis of the cone. This frame is the same as used above in calculating 2 rel S , and the angles ( , )
θ ϕ have the same meaning. Assuming that the local motion is fast (in particular, faster than sample spinning in a MAS experiment), we can calculate the residual Hamiltonian that is partially averaged through the effect of the internal dynamics:
As before, only the contribution with 0 p = survives, producing:
The above expression is equivalent to the original Hamiltonian Eq. (S4) aside from two aspects: ( Let us now consider the effect of internal dynamics on spin evolution under the conditions of CP recoupling in MAS experiment. 2 In principle, the existing results by Zilm and co-workers 10, 11 are applicable to this experiment if the constant IS c is replaced with IS DC c S (this follows from the fundamental similarity between Eq. (S4) and (S7)). Here we briefly illustrate the derivation of these results since it is relevant for the following discussion.
The Hamiltonian Eq. (S5) can be rewritten as:
Here R denotes the rotor frame, MAS β is the magic angle, / 2 R ω π is the spinning speed, and ( , , ) α β γ define the transformation from the molecular frame to the rotor frame (in a polycrystalline sample, these angles are different for each individual crystallite). This result can be averaged with respect to the local motion (see above) and then rewritten using the explicit expressions for Wigner matrices: For the experiment with CP match at +1 (-1) spinning sideband, 2 the magnetization transfer is actuated by the coefficient 1
Finally, the amplitude of the magnetization transfer associated with an individual crystallite is:
In order to obtain the net signal, the result Eq. (S11) should be integrated over the surface of unit sphere (powder average). Note that the above treatment is rather basic. In particular, it neglects the effect of rf inhomogeneity and 15 N CSA interaction; it also makes no attempt to model the details of the actual pulse sequence.
2 Nevertheless, it is sufficient to form an idea about the role of local dynamics.
Anisotropic local dynamics
As an alternative scenario, let us now assume that the local motion lacks the
n C n ≥ symmetry. For example, let us examine a simple two-site jump model, where the NH vector hops between two (equally probable) orientations with the amplitude of the jump 2Φ . The relaxation order parameter for this model can be calculated in a straightforward fashion using Eq. (S3): 15 N-1 H N dipolar spectra simulated using the anisotropic model of local motion (Eqs. (S11) and (S14); blue traces) and the best fits of these simulated data using the isotropic model of local motion, (Eqs. (S11) and (S10); red traces). The fitting was performed by minimizing the rms deviation between the curves over the frequency interval from -6 to -0.5 kHz (0.5 to 6 kHz), which excludes the irrelevant spectral feature at zero frequency. The minimization was carried out using a grid search in a space of two parameters: DC S and the overall signal amplitude. in α-spectrin SH3 domain (red traces) and best fits of these experimental data using the SIMPSON program 13 (black traces).
Reproduced from Chevelkov et al.
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To analyze the solid-state experiment, it is convenient to cast the dipolar Hamiltonian in the following form:
In this expression the molecular frame M is defined such that its z axis lies along the rotation axis of the two-site jump motion; the rotations by the amount +Φ and −Φ correspond to the two sampled NH orientations. The dynamic averaging, due to jumps between the two orientations, leads to (
After some algebra, one obtains: with Eq.(S11) describing the time evolution profile of an individual crystallite. To obtain the net signal, Eq. (S11) (complemented by Eq.
(S14)) should be integrated over the surface of the unit sphere. The integration involves two angles, β and γ , instead of the single angle β in Eq. (S10). Indeed, there are two directional parameters in the present model: average orientation of the NH vector and the direction of the jump. At this point we are prepared to investigate the potential impact of the motional anisotropy on the extracted values of DC S . For this purpose, we simulated the DC time evolution profiles using Eq. (S14) and (S11) (the latter subject to powder averaging). The result was Fourier-transformed and the real part was retained, same as in our experimental procedure. 2 The resulting dipolar spectra are shown with blue lines in Fig. S4 . The spectral pattern is obviously different from the generic shape (cf. top and bottom panels in Fig. S4 ). To understand why this is so, consider the NH vector that is oriented at a right angle to the rotor axis. If this vector jumps in the equatorial plane then the effective dipolar coupling remains unchanged. Conversely, if the vector jumps in a meridional plane then the coupling is rescaled. This kind of behavior is responsible for the complex lineshapes observed in the simulations. The sensitivity of solid-state lineshapes to the details of local dynamics is a familiar phenomenon, especially well documented in the 2 H studies. 14 The spectra simulated using the anisotropic model (two-site jumps) were subsequently fitted using the isotropic model (diffusion in a cone). The fits are represented by red traces in Fig. S4 . As can be appreciated from the bottom panel in Fig. S4 , the fitting criteria are open to discussion. In our simulations, we sought to minimize the rms deviation between the two spectral traces. Alternatively, one may seek to reproduce the distinctive spectral features, such as position of the 'horns'. With our fitting routine we were able to recover the In assessing the results in Fig. S4 one should keep in mind several considerations. First, the model where NH vector jumps by 40° almost certainly exaggerates the anisotropic character of motion. In reality, the motion of the NH vectors is usually fairly close to isotropic. 15 Second, as already mentioned, the simulations in Fig. S4 are simplistic in that they do not take into account 15 N CSA, rf inhomogeneity, proton relaxation, details of the actual pulse sequence, etc. When all these additional variables are included, the detection of motional anisotropy will likely become more difficult. Third, the experimental spectra have limited signal-to-noise ratio and resolution (illustrated in Fig. S5 ). This makes the detection of motional anisotropy even more problematic. Based on all these observations, we conclude that there is no support for use of the anisotropic model in the present study.
MD simulation protocol
The starting coordinates for the solid-state MD trajectory were obtained from the high-resolution crystallographic structure 1U06. 16 This structure misses six N-terminal residues and one C-terminal residue. As discussed in the text, the N-terminal region is significantly disordered in the crystalline state and undergoes a nanosecond time scale conformational exchange. Given that the terminal residues are absent from the crystallographic structures (as well as solid-state NMR structure 17 ) , it is necessary to model these residues while taking into consideration the effects of crystal packing.
Toward this goal, we produced 150 structural models based on 1U06 geometry, where the terminal segments were initially generated in a form of random coil 18 and appended to the body of the protein. The resulting constructs were packed into a unit cell (space group P2 1 2 1 2 1 , four protein molecules per cell). The dimension of the unit cell, 34.47 42.48 50.80 Å × × , were taken from a room-temperature crystallographic structure 2NUZ. The cells were subsequently hydrated using the standard facilities of the CHARMM program. 19 As a next step, the coordinates of the terminal residues were optimized for each model using the protocol adapted from Sali et al. 20 To emulate crystal lattice environment, periodic boundary conditions have been applied at the faces of the unit cell. All heavy atoms in protein molecules, except those in six N-terminal residues and one C-terminal residue, have been fixed. The optimization procedure, implemented in CHARMM (version 32b2, CHARMM22 force field), begins with 500 steps of steepest descent minimization, followed by 500 steps of adopted basis Newton-Raphson minimization. The system is then heated from 100 to 1000 K with a step of 225 K and subsequently cooled back to 100 K (integration time step 1 fs, other parameters as described by Xue et al. 21 ; total duration of the heating and cooling stages is 4 and 12 ps, respectively). Finally, the model is subjected to 200 rounds of Powell minimization.
The 150 optimized models were ranked according to energy and the lowest-energy model was chosen as a starting point for the MD production run.
* The described MD setup rigorously accounts for all crystal contacts formed by α-spectrin SH3 in the orthorhombic cell. In the selected lowest-energy model, each protein molecule makes contacts with 6 neighboring molecules and 35% of the solvent accessible surface area is occupied by crystal contacts.
The MD simulation protocol was the same as used previously to generate the 30-ns trajectory of α-spectrin SH3 in solution. 7, 21 The only difference concerns the definition of the water box and the associated periodic boundary conditions (PBCs). In the case of the solidstate simulation, the PBCs are intended to recreate the crystal lattice environment, including multiple crystal contacts. In solution, on the other hand, the water box is constructed to ensure that the protein is surrounded by a sufficiently thick water shell which prevents direct contacts between the protein and its PBC image.
The 50-ns solid-state MD trajectory was recorded in ca. 2 months using one GNU/Linux workstations equipped with a pair of 3-GHz dual-core Xeon processors. Given that the simulation involves 4 protein molecules contained in the crystal unit cell, the actual statistics is better than suggested by the nominal length of the trajectory. The convergence can be judged from the spread in the simulated 2 
DC
S values (pink shaded area in Fig. 2 of the text) . The trajectories were processed as described previously. 21 An attempt to eliminate small-amplitude reorientational motions (i.e. 'rocking' of protein molecules in the crystal lattice) had virtually no impact on the extracted order parameters. In the final protocol the simulated solid-state data were treated as is, with no attempt to eliminate any motional modes.
The previously described solution trajectory 7, 21 has been extended to the total length of 50 ns in order to match the length of the solid-state trajectory.
* As a control, we have chosen another low-energy model, showing a different conformation of the N-terminus, and recorded a 30-ns trajectory starting with this alternative model. The results proved to be similar and are not reported in this paper.
